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STRUCTURAL INTEGRITY OF BANDS 
Figure 1 


A—Band independent of the chromonemata, in a chromosome nearly pulled apart. Note 
that the last band before the break is intact, and that the structureless material (chromonemata? ) 
passes by the edges of the band. B—Band pulled out of position through chromosome breakage. 
Note that the band has moved as a unit. C—Chromosomes from pupal stage in which the inter- 
band material has started to collapse. The bands remain undisturbed. 


THE STRUCTURE OF THE BANDS OF 
SALIVARY GLAND CHROMOSOMES 


TayLor HINnToON* 


Department of Zoology, Northwestern University 


gested by Ris.and Crouse® to in- 

terpret the structure of the saliv- 
ary gland chromosomes of Diptera. They 
envisioned the salivary chromosomes in 
Sciara as consisting of a definite number 
of chromonemata which are coiled in 
such a manner that they give the effect 
of bands and interbands, while in reality 
the chromonemata are uniformly Feul- 
gen-positive. The bands are merely mis- 
interpretations of the gyres of the coiled 
bundle of chromonemata. Current ob- 
servations, however, by this author on 
the chromosomes of Drosophila (melan- 
ogaster, pseudoobscura, and virilis) in 
smear preparations by the aceto-orcein 
method appear to call for modification 
of the hypothesis of Ris and Crouse. 


RR ess TLY an hypothesis was sug- 


Observations 


Observation makes it seem most 
plausible that a band is something con- 
crete and distinct from the chromonema. 
For example, in highly stretched chro- 
mosomes, the bands retain their identity 
in a remarkable manner (Figure 24) 
while the interband regions stretch al- 
most beyond visibility. If the bands 
were continuous with, and a part of, the 
chromonemata, upon stretching the chro- 
monemata the bands should shift position 
in reacting to the pull upon them and 
become uncoiled at least enough to as- 
sume a diffuse appearance. That is, 
unless the gyres which supposedly form 
the band are cemented together in some 
manner, but such an assumption auto- 
matically admits that bands differ from 
interband spaces in other ways than that 
postulated by Ris and Crouse. Figure 
2A is not a rarity; similar conditions can 
readily be found in most stretched chro- 
osomes. Buck! stretched chromosomes 
with the aid of a micromanipulator, and 


*The author thanks Dr. Eileen Sutton Gersh for helpful criticisms. 
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concluded that “most of the stretch 
comes in the interband region, whereas 
the bands themselves. seem either not to 
stretch or at most to demonstrate their 
compound nature by separating slightly 
into several narrower bands.” His ex- 
cellent photographs show numerous 
examples of this. 

Further suggestions that bands‘ 
entities and are not an inseparable part 
of the continuous chromonemata may be 
gained from a study of broken chromo- 
somes. Occasionally a band may be ob- 
served which has been pulled out of 
position due to the chromosome break- 
ing during the preparation of the slide 
(Figure 1B). These bands retain their 
individuality, though almost separated 
from the chromosome itself. Buck’s ob- 
servations! on broken chromosomes are 
in agreement with this observation. It 
would be difficult to break a series of 
coiled chromonemata in such a way as 
to preserve a gyre of the coil, but at the 
same time have no free end going into the 
gyre. Likewise bands may be pulled out 
of position due to adhesions between 
non-homologous chromosomes. It is dif- 
ficult to explain the fact that these bands 
project beyond the chromosome boun- 
dary and are not continuous with any 
chromonemata-like material, unless it be 
assumed that the band itself has its own 
structure apart from the structure of 
chromonemata. 

Upon observing salivary chromosomes 
in young larvae, it becomes apparent that 
the bands exist as prominent structures 
long before the chromosomes have com- 


‘pleted their growth in length and width 


(Figure 2B). It is hard to conceive how 
a series of coiled chromonemata could 
grow in length and multiply in number 
and still maintain the so-called band pat- 
tern, if the pattern be due to the coils 
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BANDS BEHAVE AS UNITS 
Figure 2 


A—Highly stretched chromosomes in which the bands have retained their individuality even 
though the inter-band regions have virtually disappeared. B—Salivary chromosomes from 
young larvae show that the bands exist long before the chromosomes have grown to full size. 


C—Unpaired band in “brown” dominant duplication. 


Note that the unpaired band has become 


ditfuse in appearance, evidencing a correlation between pairing and the structure of the band. 


themselves. The chromonemata would 
have to lengthen, yet maintain each gyre 
along the length in its ‘characteristic 
form. That would mean that the chro- 
monemata could only lengthen between 
gyres (between bands) which at once 
admits a unique quality for the part of 
the chromonema involved in a gyre. 

The coiled threads which are proposed 
by Ris and Crouse and which they claim 
to see most clearly in the so-called puffed 
regions are not apparent to the present 
author in Drosophila even though a 
search was made for them in the salivary 
chromosomes of young and old larvae 
as well as in young and old pupae. The 
puffed regions appear to be structureless 
in some-cases, to have a faint speckled 
effect with no continuity between specks, 
nor organization in other cases, or to be 
faintly banded. 

Figure 14 is an example of a band 


independent of chromonemata. In the 
region where the chromosome has nearly 
pulled apart, the last band prior to the 
stretched region remains intact. No 
material extends beyond the band except 
at one side where a structureless mate- 
rial holds the two parts of the chromo- 
some together. If the structureless ma- 
terial is the chromonemata, it should all 
run into the band. However, it mostly 
passes to the side of the band. There 
appears to be little relationship between 
the band and the remainder of material. 

Figure 1C is a region of a chromo- 
some from a pupal stage. The interband 
material has started to collapse or shrink 
and has developed ridges which give the 
appearance of striations. The striations 
are not constant in number, nor are they 
continuous for any great distances. Also, 
the striations do not follow the line of 
the relational coil of the synapsed homo- 
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Hinton: Chromosomes 


logues. Note that the bands remain as 
distinct bodies and even protrude beyond 
the withered interband material. Again 
Buck’s! results upon stretching chromo- 
somes agree with the present observa- 
tion. He regards the striations which 
appear in stretched chromosomes as 
“stress-line artifacts.” His photographs 
show excellent examples of these stria- 
tions. 

Finally the cytological study of a dom- 
inant mutant in D. melanogaster raises 
another question. This mutant is brown- 
dominant (bw?), described by Hinton? 
and is associated with a one band du- 
plication (59E1). This was first noticed 
by Schultz.? In the heterozygous condi- 
tion the single band on the normal chro- 
mosome may pair with either of the two 
bands on the mutant homologue. The 
band which remains unpaired often be- 
comes diffuse in appearance and hetero- 
chromatin-like as evidenced by its fre- 
quent pairing with heterochromatic re- 
gions (Figure 2C). If this extra band is 
due to an extra gyre developing in the 
coiling of the chromonemata as the hypo- 


thesis of Ris and Crouse would suppose, — 


then the diffuse appearance of the un- 
paired band would supposedly be due to 
the alteration of the gyre or the spread- 
ing apart of the chromonemata. Since 
either of the bands on the mutant chro- 
mosome may pair and since it is always 
the unpaired band which becomes dif- 
fuse, according to the hypothesis of Ris 
and Crouse there would be established 
-a correlation between pairing and coil- 
ing. That the nature of the coiling be 
dependent upon normal pairing suggests 
that pairing should precede coiling. This 
is not true in certain forms (Ris;° Ris 
and Crouse®). However, it is possible 
that this correlation may hold only where 
mutually attractive bands are close to 
one another linearly in the same chro- 
mosome, i.e., in small duplications. 


Discussion 


To those familiar with the banding 
pattern of the salivary chromosomes, 
one of the first questions to arise is that 
concerning the constancy of the appear- 
ance of most bands. A given band has 
such a characteristic appearance that to 
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a worker familiar with that region of the 
chromosomes, the band will appear as an 
old friend even though it may be removed 
by translocation to a different position. 
What mechanism of coiling could cause 
the chromonemata to form gyres so iden- 
tical :in every homologous chromosome 
in the species? What physical laws of 
stress and strain could account for such 
a phenomenon? Especially is the con- 
cept difficult to understand when applied 
to a small region which has been trans- 
located to another chromosome, and is 
there subjected to the coiling of the 
chromonemata in the new environment. 
The concept might hold for euchromatic 
bands removed to heterochromatic re- 
gions, in which case the banded struc- 
ture may become diffuse; but euchro- 
matic bands translocated to other euchro- 
matic regions usually maintain their 
characteristic appearance. 

If the bands are an optical effect of 
looking at chromonemata vertically in a 
gyre, they should disappear or change 
shape when the chromosome is rotated 
45 degrees. But as has been said before, 
an individual band appears amazingly 
similar under most conditions. It is un- 
reasonable to suppose that in a smear 
preparation the same surface of the chro- 
mosome always lies against the coverslip. 
Also, in handling chromosomes with a 
micromanipulator, they can be rotated 
without a noticeable effect on the ap- 


pearance of the bands. According to the 


hypothesis of Ris and Crouse, a band 
with a dotted appearance (....), as ap- 
pears in Figure 3 of their paper, should 
appear as a straight line when the chro- 
mosome is rotated by 45 degrees. 

The concept of the gene becomes more 
puzzling in light of the hypothesis of Ris 
and Crouse. A correlation between 
genes and bands has been drawn from 
such work as that of Mackensen,? 
Slizynska,§ and others. This leads to 
the question of why the genes always 
lie in that part of the coil of the chromo- 
nemata which is visible due to its vertical 
position in a longitudinal view of the 
chromosome. This seems to indicate 
some unique characteristic for that re- 
gion of a chromosome referred to as the 
band. Also unique is the fact that the 
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bands take such a deep stain and the 
interband region appears to take no 
stain. When preparations stained with 
orcein are studied, the contrast is so 
great that it seems incredible to account 
for it solely by the amount of light 
absorbed by chromonemata running ver- 
tically as opposed to that absorbed by 
-chromonemata running horizontally. If 
the chromonemata were uniformly orcein 
positive, some indication of them in hori- 
zontal view would be expected. Also a 
gradation from non-staining to deeply 
staining should be noticed on different 
focal levels and at the beginning of 
bands; yet that is usually not the case. 

It is probably true that the exact struc- 
ture of the salivary gland chromosomes 
will not be solved by observational evi- 
dence alone, but nevertheless, an hypo- 
thesis which admits all known details 
is useful. An alternate hypothesis to 
that of Ris and Crouse is herein sug- 
gested as being one which fits the obser- 
vational evidence. Since the salivary 
chromosomes are unique chromosomes, 
it is not necessary to try to interpret 
their structure in an orthodox manner. 
It seems plausible that the once continu- 
ous chromonemata of the typical chro- 
mosome have become divided up into 
a series of discontinuous parts each sepa- 
rated by interband space composed of 
nucleoplasm. The breaks in the chromo- 
nemata have occurred between the genes 
either by a breakdown of the chemical 
bonds which hold the gene molecule to- 
gether or by a mechanical break in the 
framework of the chromonema on which 
the gene molecule may be attached. In 
either case the end result is a series of 
gene molecules isolated from the ones 
on either side by material not derived 
from the original chromosome. The 
interband material may be due to nucleo- 
plasm entering the chromosomal sheath* 
and swelling the chromosome as a whole, 
stretching the chromosomal sheath, and 
pushing the genes farther apart. Simul- 
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taneously the gene molecules undergo 
numerous duplications until they become 
so numerous as to form the visible band. 
Bands have different appearances de- 
pendent upon whether the _ increased 
genic material arranges itself into a disc, 
a ring, or a series of aggregations. This 
difference in final form may well be due 
to an inherent difference in the shape 
and arrangement of the original gene 
molecules. It is possible that numerous 
minute fragments of chromonemata pro- 


trude slightly beyond the band, but there 


is no visible evidence for such a pos- 
sibility. It is also possible that the 
sheath which surrounds the interband 
space is the original chromomena, now 
hollow and greatly stretched and swol- 
len. Whatever the nature of the sheath, 
it does not appear to run outside the 
bands but merely between bands, since 
bands can be dislocated due to adhesions 
without a noticeable effect upon the 
sheath. 


Summary 


A criticism is presented of the hypo- 
thesis that salivary gland chromosomes 
are composed of chromonemata, the 
gyres of which appear as the so-called 
bands. An alternative hypothesis is pre- 
sented suggesting that the bands are iso- 
lated groups of genic material separated 
from neighboring bands only by space, 
perhaps filled with nucleoplasm, and sur- 
rounded by a sheath. 
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MOTHER INDIA’S STARVING CHILDREN 


Can Food Shipments Save Them? 


SHE India| Famine Emergency 
| Committee has called attention 
“through a page advertisement in 
metropolitan newspapers to the appalling 
plight of India’s half billion starving 
people. This appeal signed by a doz- 
en leading American citizens, chair- 
manned by Pearl Buck, presents ten 
facts about the food situation in India, 
and demands allocation for purchase by 
India of two million tons of grain by 
July 1 and an equal amount more by 
January 1947. Since food is not avail- 
able to feed all the starving people of 
the world, the question of the allocation 
of what food there is is of prime impor- 
tance. If it can be shown that food im- 
ports actually increase total suffering 
rather than diminish it, that fact must be 
taken into account in making our plans. 
Four of the facts cited by the Com- 
mittee are concerned with elementary 
nutrition. About them there can be no 
quarrel. Undernourishment does begin 
at 2,000 calories; 
falls off if the calory intake be under 
1,600; and starvation is inevitable if the 
intake falls to 800 calories... The average 
Indian now gets 960 calories a day. He 
is far below the resistance level, a prey 
to disease if he does not die directly 
from an empty stomach. 

The reasons alleged to account for 
this situation will strike the informed 
reader as astonishingly naive. Popula- 
tion experts have long viewed with 
alarm India’s distressing reproductive 
history. They will surely be very doubt- 
ful that the crux of the situation is pre- 
sented in the other statements made as 
justifying this demand for food. 

(1) “India has had a severe crop 
failure.” This is not news in India: bad 
crops are becoming endemic. In spite of 
the fact that eight out of ten Indians get 
their living from the land, the exhausted 
soil simply cannot feed the growing mul- 
titudes of Mother India’s children. With 
every passing year the situation grows 


resistance to disease © 


more desperate. It has become a night- 
mare to British officials who must try 
hopelessly to stem an ever-rising tide of 
starvation by shifting food -from areas 
where there is not enough to areas where 
there is none at all. 

(2) “India’s imports have been vir- 
tually cut off.” India, 90 percent agri- 
cultural, should be able to get along 
without Burma’s rice. As we shall see, 
all the rice in Burma and Siam can 
never be enough to feed these hungry 
mouths under existing conditions. 

(3) “India’s internal food surpluses 
are decreasing.” For a great many years, 
it is questionable whether India has had 
an internal food surplus. By no ade- 
quate nutritional standard has there been 
enough for decades. 

(4) “Indians have not recovered tens 
the 1943 famine in which 3,000,000 peo- 
ple died of starvation.” What about all 
the other famines that India has not 
recovered from? One Indian quoted by 
John Fischer expressed a common view- 
point when he considered the 1943 fam- 
ine a failure for this reason: “It killed 
only three or four million people, which 
means that it still lagged far behind the 
birthrate. And that means a few hand- 


fuls less of rice for everybody next year.” 
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Births Outrun Deaths 


The Emergency Committee evidently 
does not know—or dares not face the 
central crucial fact about the situation in 
India—that competent authorities are 
unanimous in their conviction that the 
age-old problem of famine in India can- 
not be solved by food imports. It may 
seem paradoxical, but it is none the less 
rue that the total suffering in terms of 
numbers dead and of man-hours spent 
in dying is inevitably increased by food 
shipments. Those who get the food have 
a brief respite. But the number of peo- 
ple pushes up like a relentless spring. 
Next month, perhaps, surely next year, 
or the year after, with awful certainty, 


these excess lives will be cruelly snuffed 
out by starvation and disease. 

What is wrong with India is not the 
war, which touched the economy of In- 
dia relatively slightly even though Indian 
troops fought gallantly in many parts of 
the world. Nor is it the 1943 famine. 
What is wrong with India is her cruel, 
relentless, inhuman fertility. “Mother In- 
dia” indeed! A mother who brings forth 
endless millions of children inevitably 
doomed to starve. A mother who smoth- 
ers the living in a swarm of unborn 
whose arrival seems as inevitable as the 
rising of the sun. That is the real trou- 
ble with India. Until this pathologically 
procreant mother mends her reproduc- 
tive ways, nothing can be done to help 
her. 


The Help Inadequate 


Look at the record: In the three years 
that India has been failing to recover 
from the famine of 1943 (and from the 
routine famines of 1942 and 1941 and 
all the other years) she added some fif- 
teen million more hungry mouths to mil- 
lions already precariously balanced on 
the verge of starvation. During the time 
in which she was “cut off from im- 
ports” since World War II began, she 
bas added to her population, net increase 
of births over deaths, nearly as many 
people as there are living in the British 
Isles. During every one of these years 
at least a million people have starved to 
death and more millions have died as the 
direct result of malnutrition. That is in 
the best years. When things get bad 
over a large area, the suffering is fright- 
ful, as many reports have testified. But 
though millions die, hardly ever does 
their number equal the new lives of this 
relentlessly growing population, now 
nearing the half-billion mark. This bal- 
looning nightmare of hordes of hungry 
people is the central crucial fact which 
must be faced and somehow dealt with if 
the people of India are ever to have 
enough to eat. Until Mother India 
achieves a balance of births and deaths, 
it is only compounding cruelty to tinker 
with her affairs. It’s horrible, but there 
is no way to escape the grim fact that 
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to do anything at all to lower India's 
death-rate in the face of her suicidal 
birth-rate is simply assuring more deaths 
by famine and disease. 

This is not a pleasant situation. Peo- 
ple of good will hope that somehow the 
intentions behind an act will by an other- 
worldly magic make up for any lack of 
realism. Let’s look at the record again, 
and equate the help for India with her 
present food intake of 960 calories per 
person. Suppose two million tons of 
food grains reach India in a six-months’ 
period, how many more handfuls of rice 
does that mean for all these underfed 
people? Each person in India would 
get ten pounds of grain as his share of 
the six months’ ration. That figures out 
tc about 75 calories per person per day, 
no more. The average is raised from 
960 to 1035, still 500 short of minimum 
subsistence. What is the real gain? 
Mother India’s children still find the 
cupboard practically as bare as it was, 
and if death-by-starvation takes a holiday 
it is only for a moment and death-by- 
disease keeps right on. In terms of the 
whole ghastly picture this help is just. 
a pathetically small drop in the huge 
ocean of India’s eternal hunger. 

The plans to save India from its hor- 
rible debauch of fertility all encounter 
the hopeless dead end of too many people. 
The most ambitious of these proposals, 
the Bombay Plan of the Indian Nation- 
alists, envisions remaking a suner-India 
through a glorified program of lifting the 
country by its socio-economic bootstraps 
by a sort of Russian five-year plan. As- 
suming that the famished people of In- 
dia could somehow muster the stamina 
to make this dream realize in full the 
hopes of its sponsors, what would be the 
result? The average income of the peo- 
ple of India would be upped to $45 per 
year. Not per week or per month, but 
per year. Those who know India con- 
sider even this pathetic boondoggle a 
wholly visionary dream, far beyond any 
possible realization. 

Famine is not an emergency in India. 
Famine is the fruit of the frightful 
maniac fecunditv which sees something 
good and beautiful in bearing a child to 


Starvation in India 


cry pitifully of hunger all its few path- 
ctic weeks of life on earth. For over a 
quarter of Mother India’s children do 
not reach their second birthday. 

This relentless piling up of empty 
mouths is the central crucial fact that 
makes it impossible to stop these futile 
deaths. Feed India enough so that her 
babies do not die and there would be 
twelve billion Indians or more by 2045. 
That would not require millions of tons 
of grain, but billions. All the food on 
earth would not begin to feel such a mul- 
titude. This reproductive madness would 
simply mean that all would starve. That 
is the price we would be called upon to 
pay if we bring India food adequate to 
her needs as matters stand today.* 


India Speaks 


How India looks today to her own 
people is revealed in a special issue of 
the Annals of the American Academy of 
Political and Social Science for May, 
1944. This symposium was entitled, 
“India Speaking,” and in some 200 pages 
over a score of Indian authorities dis- 


cuss political, cultural, biological and_ 


economic problems of their native land. 
Some of them profess considerable op- 
timism, but the backdrop for the more 
rosy prognostications is desperately som- 
ber. Here are a few quotations: 


Health and Wealth 


It has to be remembered that nearly 90 per 
cent of the people of India live in villages. 
Agriculture is the main source of income of 
the people. The hygienic condition of these 
villages is appallingly bad and millions live 
and die in ignorance, apathy, and disease. The 
incidence of diseases like malaria among these 
rural people is very high and their low resist- 
ance due to malnutrition and subnutrition 
makes them easy prey to the disease. There- 
fore, an enlightened and planned health pro- 
gram for rural people will not only increase 
their resistance to disease but reduce mortal- 
ity and ensure a fuller and happier life for the 
bulk of the citizens. ... The per capita annual 
income of an Indian is only four pounds, 
whereas it is eighty-seven in the United 
States, seventy-one in the United Kingdom, 


105 


thirty-nine in Germany and forty-one in 
France. The figures speak for themselves. ... 
—BIpHEN CHANDRA Roy, M.D., M.R.C.P. 
(London), F.R.C.S. (England), F.S.M.F. 
(Bengal). Professor of Medicine, Calcutta 
University since 1919; member of its medical 
facuity since 1916. Twice president of the 
All-India Medical Council since 1939. 


Plight of the People 


Every day India adds to her population the 
equivalent of a town of almost fourteen thou- 
sand inhabitants. This means that India’s popu- 
lation increases every year by at least five mil- 
lions. .. . To the sensitive, the plight of these 
people is as distressing as are the helpless 
hands of the drowning, as the pitiful screams 
of victims trapped in burning buildings. But 
into human conservation, sentiment must not 
enter. There is no yardstick to measure the 
heartbreak and sorrow of needless human 
suffering. It is not sympathy or pity, but the 
appalling human erosion that concerns us 
here. It is the enormous loss of national health 
that can be counted, the suffering that can be 
combated by scientific methods, and happiness 
that can be channeled into rich reservoirs of 
human strength. These hundreds of thousands 
of men and women add to the final roll call of 
India’s national disgrace. Their condition 
is disgraceful because their sufferings and 
deaths are, by now known science, either 
wholly’ unnecessary or to a greater or less 
degree preventable, controllable, and curable. 
—S. CHANDRASEK.2AR, M.Litt., Ph.D., mem- 
ber faculty Dept. of Oriental Studies, Univer- 
sity of Pennsylvania. Former Research Fellow 
in Economics, Univ. of Madras, India. 


Deficit Agriculture 


This central problem of Indian agriculture 
is also sometimes described as the problem 
of “deficit economy.” It is difficult to define the 
term “deficit economy.”” What it seeks to con- 
vey, however, is that the Indian agricultural 
enterprise does not yield any positive income 
to the agriculturist if the normal charges (nor- 
mal as in Indian conditions) on the enterprise 
by way of interest on capital invested and 
remuneration of the unpaid labor of the fam- 
ily are calculated. And this is said to be the 
case not only under special circumstances of, 
say, a depression when it was universal, but to 
be chronic in India—Pror. D. R. Ganatt., 
M.A.M.Litt. (Cantab), Director Gokhale In- 
stitute of Politics anl Economics, Poona. 


Overcrowded Villages 


In nearly 40 per cent of the villages, the 
population was considered to be excessive in 
relation to the food supply; while this was the 


*Just as this goes to press a thousand-page report of the Health Survey and Development 
Committee for India, published March 4, 1946, comes to hand. It concludes that the population 
has increased 83 millions in the last twenty years and predicts that the next increment of 83 
million will be achieved in ten years. No reasonable likelihood that the birthrate can be 


significantly lowered is seen by the Committee. 
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all-India average, the position was worse in 
some provinces (like Bihar) where the pro- 
portion rose to 60 per cent. The conclusions 
of the medical survey Sir John Megaw stated 
as follows: (1) India has a poorly nourished 
population; (2) periods of famine or scarcity 


- of food have been occurring in one village 


out of every five during a ten-year period in 
which there has been no exceptional failure of 
the rains; (3) the average span of life is less 
than half what it might be; (4) in spite of the 
excessively high death rate, the population is 
increasing much more rapidly than the output 
of food and other commodities—B. Suiva 
Rao, correspondent, the “Manchester Guard- 
ian.” 


Soil Erosion 


The seriousness of the problem of loss of 
soil by erosion has not been adequately real- 
ized till recently. Erosion may be caused in 
two ways: by floods in the rivers and by the 
washing away of soil from sloping land by the 
ordinary rainfall. * * * The loss on a single 
acre of even moderately sloping land is from 
50 to 150 tons per annum. The remedies are: 
(1) afforestation, as of the Jumna ravine 
lands; (2) reafforestation; (3) terracing and 
drainage of sloping land, as in the tea estates 
of Assam; and (4) bunding of fields as in the 
Bijapur District. — Sir T. ViyJAYARAGHAVA- 
cHARYA. Member of the Public Service Com- 
mission, the Indian Legislative Assembly; ad- 
viser to the Indian Sugar Industry on tariff 
questions; Dewan (Prime Minister) of two 
Indian states. 


Kihara on Origin 


EpitortAL Postscript: Just before the 
contribution by McFadden and Sears went to 
press we received an English translation of 
an article by Dr. Hitoshi Kihara published in 
Tokyo in 1944 (Agriculture and Horticulture, 
Vol. 19, pages 889-890. 

In this article Kihara advances the theory 
that Aegilops squarrosa carries the third ge- 
nome of the “Dinkel” (T. spelta and T. vul- 
gare) wheats. He further theorizes that T. 
spelta arose as the result of a natural cross 
between an Emmer (wild or cultivated) and 
Ae. squarrosa, followed by chromosome dou- 
bling in the F; hybrid. Kihara’s conclusions 
(the same as McFadden’s and Sears’) were 
based on both morphological and cytological 
grounds, and it is interesting to note that Ki- 
hara’s paper was published on the same year 
as McFadden’s and Sears’ preliminary report 
(“The Artificial Synthesis of Triticum Spel- 
ta,” Records of the Genetics Society of Amer- 
ica, No. 13, pages 26-27, 1944). There can be 
no question concerning the independence of 
the two reports, but the record shows that the 
American scientists had actually synthesized 
the hexaploid form of T. spelta in 1942 and 
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The roots of this insanity lie deep in 
the customs and beliefs of the people. It 
is futile to fool ourselves that hacking at 
the thick branches of this awful evil 
touches any of its dark roots. There is 
no more urgent and distressing problem 
in the world today than that of somehow 
bringing real relief to India’s hungry 
millions. These remarks are not intend- 
ed to mitigate this need. But the world’s 
wheat crop and the best intentions make 
matters only worse unless this breeding 
stops. The solution hinges on a changed 
outlook on the part of the people of In- 
dia. What miracle might bring about this 
change? Ideas, not food, might save 
the day. Until India’s birthrate begins 
to be controlled, the hunger of her people 
remains beyond all cure. All other con- 
siderations are subordinate to that one 
appalling fact from which there is no 
escape. The building is on fire—the 
people burn, or drown. Dr. Chandrasek- 
har is right, perhaps, that science can 
solve this problem. But how is it to go 
about the job when non-science has the 
windows barred and the doors locked 
both here and on the other side of the 
world? 

Rosert Cook. 


of Spelta Wheat 


the haploid (F, hybrid) form as early as 1931, 
whereas Kihara did not advance his theory un- _ 
til 1944. Furthermore, the conclusions reached 
by Kihara, although based on logical grounds, 
are not supported by the overwhelming evi- 
dence presented in the above contribution by 
McFadden and Sears. One weakness in Ki- 
hara’s evidence (according to the English 
translation) is the failure to establish that 
pairing occurs between the genome of Ae. 
squarrosa and the third genome of the hexa- 
ploid wheats either in crosses of these wheats 
with Ae. squarrosa or with synthetic hexo- 
ploids involving Ae. squarrosa. Nevertheless, 
Kihara’s paper shows that he was on the right 
track, and probably would have ultimately 
forged the missing links in the chain of evi- 
dence. His paper is a worthy contribution on 
the phylogeny of wheat, and his theories are 
fully confirmed by the studies reported in the 
above paper. In a measure, the two papers 
serve to confirm each other as did the earlier 
independent studies on chromosome numbers 
in wheat reported by Sakamura, Kihara, and 
Sax over a quarter of a century ago. 


THE ORIGIN OF TRITICUM SPELTA. AND 
ITS FREE-THRESHING HEXAPLOID 
RELATIVES 


(Continued from the March Issue) 
E. S. McFappen and E. R. Sears 
Hybrids of Synthetic T. spelta with Cultivated Hexaploids 


N F, hybrids of allopolyploid plants 
| with the cultivated hexaploids, T. 

spelta and T. vulgare, up to 21 pairs 
of chromosomes are formed, as illustrat- 
ed in Figure 5. Of 150 microsporocytes 
from three different F, plants of the 
allopolyploidxT. vulgare var. Chinese, 
69 had 21 pairs. Up to six univalents 
were observed, but the average number 
was only 1.4 per cell. No multivalents 
were found, although rare trivalents 
and quadrivalents were observed in 
other preparations from the same hy- 
brids. Although pairing was less regular 
than is normal for non-hybrid hexa- 
ploid wheats, the frequency of univalents 
was no greater than that reported by 


Thompson and Robertson®! and Hol- 


lingshead”° for certain vulgare varietal 
crosses. Open bivalents were frequent, 
but none appeared to be heteromorphic, 
and up to 20 closed pairs were observed. 
Substantially the same amount of pair- 
ing occurred in hybrids with T. spelta 
as with 7. vulgare. 

The F, hybrids of the allopolyploid 
with T. vulgare and T. spelta (Figure 
6) showed excellent fertility. At Colum- 
bia, Missouri, 96.3 percent of 244 
primary florets were fertile in the first 
11 spikes to mature on five F, plants 
involving T. vulgare. Hybrids with T. 
spelta were somewhat less fertile at 
Columbia, but this is attributable to un- 
favorable environmental conditions at 
the time of flowering. 

At College Station, Texas, the F; 
hybrids with T. spelta were two weeks 
earlier in heading and more fertile than 
either of the parents. All of the first 
spikes to emerge on eight hybrid plants 
showed complete fertility of the primary 
florets of all spikelets except the normal- 


ly abortive ones at the base and tip of 
the spike. 

An Fy, generation of the cross with 
T. spelta consisting of 197 plants was 
grown in the field at College Station 
in 1944, All of the plants were highly 
fertile, with the exception of three that 
were attacked by root rot at an early 
stage of development. A striking peculi- 
arity of the plants of the F2 generation 
was their apparent uniformity up to the, 
later stages of development. For a week’ 
or more after heading, from superficial 
observation at a distance of a few feet, 
the hybrid population could easily have 
been mistaken for a pure variety. In the 
later stages of development, segregation 
became apparent for such characters as’ 
glume color and degree of inclination 
of the spikes. A detailed study of the. 
plants after harvest revealed segregation’ 
for several minor characters of the 
spike. But transgressive segregation, 
such as often occurs in wide crosses, 


‘could not be detected for a single 
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character. 


The Genomes of Aegilops cylindrica 


Additional evidence that Aegilcps 
squarrosa possesses the C genome is’ 
available from experiments involving’ 
Ae. cylindrica (n = 14). The latter 
species has been shown by Sax and. 
Sax®®, Bleier?, and others to have the © 
C genome, and by Kihara*®® to possess 
the genome of Ae. caudata (n = 7). 
Ae. cylindrica ought, therefore, to be an 
amphidiploid of Ae. caudata and Ae. 
squarrosa. This conclusion was tested, 
using the amphidiploid Ae. caudata 
Ae. squarrosa previously reported by 
Sears®. 

Morphologically 4n Ae. candata X 


RACHIS FRACTURE AND SPIKELETS OF SYNTHETIC SPELTA AND ITS PARENTS 


Figure 3 


Spikelets of the synthetic Triticum spelta and its parents showing different types of fracture of 
the rachis in the parents and both types of fracture in the allopolyploid. Center row, the par- 
ents: A—T. dicoccoides, showing fracture above the point of attachment of the spikelet, which 
leaves a segment of the rachis attached to the lower end of the spikelet; B—Aegilops squarrosa. 
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Ae. squarrosa is very similar to Ae. 
cylindrica, and crosses are readily made. 
The F, grown was less fertile (44 per 
cent of 378 primary florets) than de. 
cylindrica (76 per cent of 284), but 
more fertile than the amphidiploid (27 
per cent of 60). In chromosome pairing, 
the hybrids were more regular than the 
amphidiploid itself, though slightly less 
regular than Ae. cylindrica. Of 50 
microsporocytes of the hybrid, 27 had 
14 pairs, the average being 0.541, 13.141, 
9.02m, and 0.28 This compares with 
187 out of 200 with 14 pairs in Ae. 
cylindrica, and an average of 0.24; 13.- 
87, and 0.005,y. In ten hybrid cells 
having 14 pairs, an average of 10.4 of 
these were closed, or ring, pairs—exactly 
the same as in Ae. cylindrica. It thus 
appears that the caudata-squarrosa 
amphidiploid has no significant chromo- 
some differences from Ae. cylindrica, 
except possibly a reciprocal transloca- 
tion. 
Discussion 
Origin of Triticum spelta 


The foregoing results show that the 
C genome of the European hexaploid 
wheats is practically identical with the 
genome of Aegilops squarrosa. 

It appears also from these studies 
that T. spelta is the undifferentiated 
prototype of the European hexaploids. 
However, several interesting questions 


concerning the origin of T. spelta are 


still open to speculation. Among these 
are (1) whether it arose in Europe or 
ir. Asia; (2) whether it arose under 
cultivation or in a state of nature; and 
(3) whether the A and B genomes were 
contributed by the wild T. dicoccotdes 
or by the cultivated T. dicoccum. These 
questions are somewhat related, and a 
conclusive answer to any one of them 
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would: throw..some-light..on-the others. 
For instance, if the wild emmer, T. 
dicoccoides, was one of the parents, the 
allopolyploid can reasonably be assumed 
to have originated in southwestern 
Asia in a state of nature, since T. 
dicoccoides occurs only in that region 
and there is no evidence that anything 
approximately like it was ever grown 
under cultivation. On the other hand, 


-if the cultivated emmer, T. dicoccum, 


was one of the parents, the allopolyploid 
probably arose under cultivation, while 
the place of origin could have been 
either southwestern Asia or south- 


eastern Europe, since Ae. squarrosa is - 


endemic to both regions. 

Although southwestern Asia is usual- 
ly considered as the original home of 
the hexaploid wheats, 7. spelta could 
have originated in southeastern Europe 
either on the north slope of the Cauca- 
sus or in the Crimea, in which areas 
Ae. squarrosa is endemic. From either 
of these areas, its ease of migration into 
Asia would have been blocked on the 
south by the Caucasus mountains and 
the Black Sea, and on the east by the 
Caspian Sea, arid climate and cultural 
barriers. On the southwest, its migra- 
tion into southern and central Europe 
would likewise have been blocked by 
the Balkan and Carpathian mountains, 
as well as by cultural barriers and the 
presence of pre-existing free-threshing 
wheat. It appears, therefore, that its 
natural course of most rapid migration 
would have been toward the northwest 
through the rich agricultural regions of 
the Ukraine, White Russia, Poland, 
and thence into Germany where, accord- 
ing to Gradmann’*, it was the staple 
grain crop of the Alamanns before they 
migrated across the Elbe into South and 
West Germany. 


showing fracture below the point of attachment of the spikelet. and a segment of the rachis left 
attached to the face of the spikelet. Upper row, the allonolyploid : C—with segment attached to 
lower end of the spikelet, as in T. dicoccoides; D—with segments attached to face and lower 
end of spikelet, as in both parents; E—with segments broken from base and face of the spikelet ; 
F—with segment attached to face of the spikelet as in Ae. squarrosa. Note identical types 
of fracture in 7. spelta illustrated in Figure 6 in March issue. Lower row, a comparison of 
the spikelets of the synthetic Triticum spelta with those of its cultivated counterpart; G, H— 
Spikelets of T. spelta, C.I. 1747, and synthetic T. spelta respectively, showing segments of the 


rachis attached to the face of the spikelets. /, 4 —— of the spikelets with segments of the 


rachis attached to the base of the spikelets. 
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COMPARISON OF GLUMES 


Figure 4 
Glumes of the synthetic Triticum spelta compared with its parents and a cultivated form of 
T. spelta. A—T. dicoccoides showing narrow, elevated shoulder and strong basal bristles. B— 
Aegilops squarrosa showing broad, square-shouldered, spatulate glume with absence of basal 
bristles. C, D—the synthetic 7. spelta and the cultivated T. spelta, C.I. 1747, respectively, 


showing similarities of shoulder and weak development of basal bristles. 


According to Stapf*®, the word spelta, 
or any word that can definitely be 
translated as referring to T. spelta, has 
not been found in the literature of the 
Mediterranean countries previous to A. 
D. 301, at which time the word spelta 
is mentioned in an edict by the Roman 
Emperor, Diocletian. This was approxi- 
mately 300 years after the Romans had 
conquered the whole of Gaul and ex- 
tended their empire to the Rhine and 
the Danube, thus coming into contact 
with the Germanic and other northern 
peoples. This certainly would have 
given ample time and opportunity for 
the Romans to have acquired this wheat 
from their northern neighbors. Further- 
more, the word spelta is believed by 
linguists to be of Saxon origin. 

Although linguistic evidence in sup- 
port of the migration of T. spelta into 
central and western Europe over a 
southern route is entirely lacking, there 
is much evidence in support of the be- 
lief that this wheat migrated in compara- 
tively recent times over a northern route 
into the regions of Europe ‘where it is 
now grown, There is a name for this 
species in all of the leading Baltic and 


x 4.3. 


Atlantic languages from southern Russia, 
where it could have originated, to north- 
ern Spain, where it is still grown. The 
Russian name for it is “polba”; the 
Polish is “orkiss” ; the German is “din- 
kel” ; the Saxon and English is “spelta” ; 
the French is “epeautre’; and the 
Asturian Spanish is “escandia”. The 
fact that the English name for it is the 
same as the Saxon suggests that this 
wheat may have been introduced into 
England within historic times, possibly 
during the Saxon invasion or at a some- 
what earlier period by the Romans who 
were in contact with the Saxons. Fur- 
thermore, the Spanish name “escandia” 
is one which was applied to a region of 
southern Sweden for several centuries 
during the early part of the Christian 
era. It was here that the “Escandians’’, 
the blond race of the North, otherwise 
known as the Norsemen, were supposed 
to have originated. This suggests that 
T. spelta may have been obtained by the 
Spaniards from Nordic sources rather 
than from the Greeks or Romans. 

The historical and linguistic evidence 
thus make the European origin of 7. 
spelta appear entirely plausible, especial- 
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MEIOSIS IN A HYBRID BETWEEN SYNTHETIC AND NATURAL HEXAPLOIDS 
Figure 5 


First metaphase in (A) normal Triticum vulgare and (B, C) T. vulgare X synthetic spelta 
(T. dicoccoides * Aegilops squarrosa), showing that a normal degree of chromosomes associa- 
tion may occur in the hybrid. Microsporocyte (4) has 2 open and 19 closed pairs, (B) has 1 
open and 20 closed, and (C) has 3 open and 18 closed. X 730, 1025, and 1060, respectively. 


ly since there is no indication of its 
former culture anywhere in Asia. How- 
ever, the conjecture that T. spelta arose 
in southeastern Europe will be difficult 
to prove or disprove, since the ancient 
peoples in much of the region through 
which it would have had to migrate to 
reach western Europe have left no 
literature. Furthermore, that part of 
Europe is not well suited to the preserva- 
tion of archaeological material of as 
perishable a nature as wheat. The 
archaeologist is also faced by the fact 
that in that area, race after race has 
been swept away and their cultures all 
but obliterated by numerous invasions 
of nomadic hordes from Asia. 


Origin of Asiatic Hexaploids 


Evidence of the allopolyploid origin 
of the rough European hexaploid, T. 
spelta, presented herein suggests the 
possibility of similar origins for the 
recently described rough Asiatic hexa- 
ploids, speltiforme, rigidum, macha and 
zavilovi. The results of preliminary 
studies on the comparative morphology 
of these species and the various diploid 
species of Aegilops suggest that each of 
these hexaploid wheats may be differen- 
tiated from the tetraploid T. dicoccum 
by a group of characters that occur also 
in some diploid Asiatic species of 
Aegilops. However, at least some of the 
Asiatic hexaploids produce highly fertile 
nybrids with T. vulgare and T. spelta, 
and chromosome pairing in hy- 
brids is fairly regular. It appears, there- 


fore, that if these Asiatic forms origin- 
ated as suggested, the forms of Aegilops 
involved must have been closely related 
te Ae. squarrosa. 


Origin of T. vulgare and T. 
compactum 


If 7. spelta is actually the progenitor 
of the free-threshing European hexa- 
ploids, T. vulgare and T. compactum, 
it appears that these derivatives could 
not have originated until comparatively 
recent times: probably since the begin- 
ning of the Bronze Age in Europe, or 
even within the Christian era. This also 
appears to be in agreement with all of 
the available evidence presented by the 
more recent studies on the subject. 
Holboeck!® found no archaeological 
evidence that either T. vulgare or T. 
compactum reached England previous to 
the Early Iron Age. Fikry!? states that 
T. vulgare (at least the modern types) 
appears not to have been introduced 
irto Egypt until “within the last 40 
years”. Vavilov®* reports that in north- 
western India and Afghanistan, the 
free-threshing “Indo-European” hexa- 
ploid (T. vulgare Vill.) is found most 
commonly along the caravan routes that 
lead into Europe, a fact that may be 
interpreted as indicating that this wheat 
was introduced into those Asiatic regions 
from Europe within very recent times. 

Nevertheless it is a well-established 
fact that a free-threshing wheat very 
similar to T. compactum was grown by 
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the Neolithic Lake Dwellers of Switzer- 
lund at least a thousand years before 
T. spelta is known to have reached that 
part of Europe. This “Lake Dweller 
wheat”, now believed to be extinct, was 
described by Heer!§ as T. vulgare anti- 
quorum. It was a dwarf wheat with 
extremely small, stubby grains and 
compact, awnless spikes; and because of 
its resemblance to T. vulgare and T. 
compactum, it has generally been as- 
sumed to have been a hexaploid. Deka- 
prelevich*, however, claims to have 
found historical evidence that the free- 
threshing tetraploid T. persicum, which 
has very distinct vulgare characters, has 
been grown in the mountainous regions 
of Transcaucasia for “many centuries”, 
although there is no evidence of its past 
c1 present culture outside of that gen- 
eral region. Since that part of Trans- 
caucasia lies within the region formerly 
occupied by the Neolithic Lake Dwell- 
ers, it may be inferred that T. persicum 
is a modern, lax-eared, awned form of 
the extinct Lake Dweller wheat, which 
miay at one time have been grown 
throughout the entire Lake Dweller re- 
gion. Evidence of this derivation of T. 
persicum is found in reports in Russian 
literature of the finding of occasional, 
awnless, club-headed plants of T. persi- 
cum in certain parts of the Caucasus 
region. That these off-type plants may 
be relics of the ancestral Lake Dweller 
wheat is not improbable. At any rate. 
the essential similaritv of the tetraploid 
T. persicum and the Lake Dweller 
wheat removes the ory reason for as- 
suming that the latter was a hexaploid. 

Further evidence that free-threshing 
hexaploid wheats may not have existed 
in Europe until after the arrival of T. 
sfelta is found in Percival’s*! statement 
that large-grained, free-threshing wheats 
with the spike characters of T. vulgare 
do not become common in prehistoric 
deposits until the Bronze and Iron Ages, 
which was after the arrival of T. spelta. 
‘Now, it has been observed by the senior 
author that the addition of a third 
genome to a tetraploid wheat from any 
one of several species of Aegilops has a 
tendency to increase the size of the 
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grains. This is especially noticeable when 
the small-grained 7. persicum is the 
tetraploid involved. It has also been ob- 
served that free-threshing hexaploid 
segregates from crosses between 7. 
persicum and T. spelta invariably have 
larger seeds than the free-threshing tet- 
raploid parent. These observations 
strongly suggest that the large-grained, 
free-threshing wheats, of vulgare type, 
which did not become common until the 
Bronze and Iron ages, were in reality 
the first free-threshing hexaploids, and 
that they were segregates from crosses 
between 7. spelta and the little Lake 
Dweller wheat. That the free-threshing 
hexaploids could have originated as 
segregates from such a cross is amply 
demonstrated by Watkins’ studies 
which show that the free-threshing 
characters that distinguish T. vulgare 
from T. spelta can readily be transferred 
from hexaploids to tetraploids and vice 
versa. Furthermore, Watkins’ factor 
“k” which controls these characters is 
shown by him to be linked with factors 
having compacting effects. Other studies 
by various investigators (summarized 
by Watkins and Ellerton®*) establish a 
linkage, between factor “k’”’ and an awn- 
inhibiting factor. This linkage of factors 
for free-threshing, awnlessness, and com- 
pactness suggests that all three may have 
been gained by the hexaploid wheats 
through the acquisition of a single block 
of genes from the Lake Dweller wheat. 

That T. spelta and the Lake Dweller 
wheat were at one time grown con- 
temporaneously in central Europe and 
had ample opportunity for inter-cross- 
ing, is evident from statements by Dar- 
win’ and de Candolle* that the culture 
of Lake Dweller wheat persisted in 
Switzerland down to the time of the 
Roman conquest of that region; while 
Percival®! reports that Heer identified 
a wheat specimen from one of the Swiss 
Lake Dwellings (probably of Bronze 
Age) as T. spelta. Although this origin 
of the free-threshing hexaploid appears 
plausible, it cannot be definitely proven 
by a planned repetition of the postulated 
events, since the Lake Dweller wheat is 
apparently extinct. However, the tetra- 
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SPIKES OF HYBRIDS BETWEEN NATURAL AND SYNTHETIC WHEATS 


Figure 6 


Spikes of natural and synthetic hexaploids and their hybrids. A—Natural Triticum spelta; 
C—synthetic T. spelta (T. dicoccoides K Aegilops squarrosa) ; E—T. vulgare; B—F, hybrid 
between natural and synthetic spe/ta; D—F, hybrid between ee: spelta and T. ‘vulgare. 
Both F, spikes are fully fertile. >< 0.66. 
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ploid 7. persicum is still extant; and 
free-threshing hexaploids of vulgare 
type have been found by the senior 
author to be of common occurrence 
among the segregates from crosses be- 
tween 7. persicum and T. spelta. 

It appears from these studies that T. 
spelta is the progenitor of the European 
hexaploid wheats, but since its. brittle 
rachis and invested seeds are objection- 
able, its culture everywhere in the past 
may have been of a transitory nature, 
lasting only until the free-threshing 
forms, T. compactum and T. vulgare, 
arose to displace it. That this would be 
the natural course of events is well il- 
lustrated by the fact that T. spelta has 
never become established as a crop for 
human food in such new cereal-produc- 
ing regions as South Africa, Australia, 
and the Americas, where it has had to 
compete with free-threshing hexaploid 
wheats from the beginning ; and also by 
the fact that within historic times 7. 
vulgare has been gradually displacing it 
in its formerly established areas in 
Europe. 

If the origin of T. vulgare and T. 
compactum herein postulated is accepted, 
many of the anomalous phenomena as- 
sociated with these wheats and their 
kybrids with other species become rath- 
er simply explainable. Chief among 
these may be mentioned, (1) the mani- 
fold, seemingly unrelated effects of the 
spelta “factor”, (2) the occurrence of T. 
spelta segregates in crosses between T. 
vulgare and T. dicoccum, and (3) the 
occasional spontaneous occurrence of 
speltoid forms in pure varieties of T. 
vulgare or in crosses between different 
varieties of T. vulgare. 

If, as here suggested, the vulgare con- 
dition is the result of the presence of a 
substituted foreign segment of chroma- 
tin derived originally from another spe- 
cies, then this segment might have no 
matching region in the otherwise homo- 
logous chromosome of T. spelta. This 
condition would tend to prevent the 
genes on the segment from becoming 
separated in crosses between T. vulgare 
and T. spelta; and though several genes 
were present, they would behave as one. 
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Such single-factor behavior has been 
found by Leighty and Boshnakian?? and © 
others. 

If the vulgare condition is the result 
of the substitution of a foreign block of 
genes in place of a normal block derived 
from T. dicoccum or T. dicoccoides, it 
should be possible to recover the pro- 
totype (T. spelta) condition among the 
segregates of crosses between 7. vulgare 
and 7. dicoccum or T. dicoccoides. And 
this, according to Watkins®+-**, is exact- 
ly what happens in such crosses. In fact, 
it appears to have been observation of 
this phenomenon that led Schiemann*® 
to believe that 7. spelta originally arose 
from a cross between T. vulgare and T. 
dicoccum. 

It can also be expected that elimina- 
tion of the postulated foreign segment 
oi chromatin in T. vulgare would con- 
vert that wheat into a form which would 
lack the vulgare spike characters and 


.would more closely resemble the pro- 


totype, T. spelta. Such aberrant forms, 
known as speltoids, occur frequently in 


‘T. vulgare and in its hybrids with certain 


other wheats, and are indeed attributable 
in most instances to the loss of a chro- 
mosome or part of a chromosome. 

Space will not permit a detailed dis- 
cussion in this paper of the close agree- 
ment existing between the results of 
these studies and numerous other in- 
dependent studies conducted by other 
workers, nor of the vast body of hither- 
to conflicting or meaningless phenomena 
which can now be brought into general 
harmony. 

Origin of the Lake Dweller Wheat 


The evidence presented herein that 
T. spelta may be an allopolyploid of a 
species of wheat and a wild relative be- 
longing to another genus, suggests that 
the Lake Dweller wheat may have had 
a similar origin. It is a-curious fact that 
the major known characters that dis- 
tinguish this species from its cultivated 
forerunner, 7. monococcum, are all 
found in Agropyron triticeum Gaertn., 
which is a common weed in the wheat 
fields of southeastern Europe. That the 
queer little Lake Dweller wheat may 
have been an allopolyploid of these 
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forms is a definite possibility. Certainly 
such an assumption is no more pre- 
posterous than was the hypothesis (now 
an established fact) that T. spelta is an 
allopolyploid of two distinct genera. If 
the Lake Dweller wheat actually arose 
in this way, it must have been a tetra- 
ploid, since both of the postulated par- 
ents are diploids. Furthermore, such an 
origin would definitely place the factors 
with free-threshing effects in the second, 
or B, genome, and would thereby ac- 
count for the absence of free-threshing 
forms in the diploid group, and their 
presence in the tetraploid and hexaploid 
groups. 

If the hypothetical origin of the Lake 
Dweller wheat and the various other 
hypotheses presented herein are correct, 
it becomes apparent that most of the 
major evolutionary changes that have 
taken place in the genus Triticum since 
it came under cultivation are due to the 
infiltration of foreign genes from its 
wild relatives, rather than to mutational 
changes of the original genes. 


Summary 
Aegilops squarrosa (n = 
found to carry a group of major charac- 
ters that distinguish the hexaploid (n 
= 21) Triticum spelta from the tetra- 
ploids (n = 14) T. dicoccum and T. 
dicoccoides. Hybrids between these tet- 


raploid species of wheat and Ae. squar- _ 


rosa proved to have all of the major 
taxonomic characters of T. spelta, but 
were completely or nearly sterile. When 
the F, hybrids of T. dicoccoides X Ae. 
squarrosa were treated with colchicine, 
highly fertile allopolyploids with 42 
chromosomes were obtained. These 
synthetic hexaploids closely resemble 
the cultivated T. spelta, and produce 
highly fertile and cytologically regular 
hybrids with that species and with T. 
vulgare. This demonstrates that the C 
genome of the hexaploid wheats cor- 
responds to the chromosome set of Ae. 
squarrosa. 

Further evidence that Ae. squarrosa 
possesses the C genome was obtained 
from the amphidiploid Ac. caudata (n 
= 7) X Ae. squarrosa, This amphidi- 
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ploid has the taxonomic characters of 
Ae. cylindrica (n = 14), and forms 
fertile, meiotically regular hybrids with 
that species, which was already known 
to have both the C genome and the 
genome of Ae. caudata. 

It is postulated that T. spelta is the 
ancestral hexaploid wheat of Europe, 
having arisen, possibly in fairly recent 
times, in southeastern Europe or south- 
western Asia following chromosome 
doubling in natural hybrids of T. di- 
coccoides (or its cultivated close rela- 
tive, T. dicoccum) X Ae. squarrosa. 
The recently described, rough Asiatic 
hexaploids, T. speltiforme, T. rigidum, 
T. macha, and T. vavilovi, possibly 
originated independently as allopoly- 
ploids of tetraploid wheats and diploid 
species of Aegilops other than Ae. 
squarrosa, but with chromosomes simi- 
lar to those of Ae. squarrosa. 

Triticum spelta is believed to have 
been carried over a northerly route into 
central and western Europe where it 
came into contact with a free-threshing, 
tetraploid wheat—probably the now ex- 
tinct Lake Dweller wheat. This wheat, 
although generally known as a variety 
of T. vulgare, is considered by the 
authors to have been a tetraploid. It 
was presumably the ancestor of the 
free-threshing tetraploid, T. persicum, 
which still exists in parts of the Lake . 
Dweller region. 

Hybridization of T. spelta and the 
Lake Dweller wheat is thought to have 
given rise within historic times to T. 
vulgare and T. compactum as segregates. 
These segregates presumably acquired a 
single block of Lake Dweller genes, in- 
cluding factors for compactness, awn 
suppression, and free-threshing charac- 
ters. Complete linkage within a portion 
of this chromatin block would account 
for the seemingly manifold effects of 
the spelta “gene.” 

The Lake Dweller wheat may have 
arisen as an amphidiploid of its culti- 
vated forerunner, T. monococcum (n 
=7), and the wild grass, Agropyron 
triticeum (nm = 7), which occurs as a 
common weed in the wheat fields of 
southeastern Europe. 
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COMPARATIVE RATES OF POLLEN. TUBE 
| ESTABLISHMENT 


In Diploid and Tetraploid Maize* 


Joun M. 


HE practical value of artificially 
produced autotetraploids has been 


widely investigated in numerous 
species in recent years. Randolph® has 
surveyed the field and discussed the 
probable value of induced polyploidy as 
a method of breeding crop plants. He 
summarized the work on autotetraploid 
corn, pointing out that although some 
induced tetraploids were more vigorous 
than the diploid strains from which they 
were derived, no tetraploid strains had 
yet been obtained that showed signifi- 
cant increases in yield. Randolph and 
Hand?.!° found an increase in percent- 
age of carotenoid pigments with the 
doubling of the chromosome number of 
yellow corn and suggested that this in- 
crease might result in the practical util- 
ization of tetraploid maize. 

One of the difficulties that would be 
encountered if tetraploid maize were to 
be grown concurrently with diploid 
maize has been suggested by data pre- 
sented by Randolph.*? He found that 
when mixtures of approximately equal . 
parts of pollen from diploid and tetra- 
ploid plants were used, the monoploid_ 
pollen effected the fertilization of both 
diploid and tetraploid ears almost ex- 
clusively. Contamination of tetraploid 
maize by pollen from diploids would 
obviously result in a decrease in set of 
tetraploid seed and an increase in part- 
ly developed triploid seed. 

This study was initiated to investigate 
the relative rates of pollen tube estab- 
lishment of monoploid and diploid pollen 
as a factor in competition between the 
two types of pollen. As a factor which 
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might influence rate of imbibition of wa- 
ter and therefore affect the rate of estab- 
lishment, the comparative osmotic pres- 
sures of the two kinds of pollen .were 
also determined. 


Review of Literature — 


Literature dealing with the specific 
problem being discussed is not avail-. 
able, but papers on a parallel case of 
differential rates of pollen tube estab- 
lishment in maize are of interest. In- 
vestigators studying the waxy character 
in maize have reported a deficiency of 
waxy seeds in F2 and backcross progen- 
ies. Sprague!* has shown that the prefer- 
ential fertilization by non-waxy pollen 
resulted from a more rapid rate of ger- 
mination and pollen tube establishment. 
He found that pollen tube growth after 
establishment was practically the same 
in waxy and non-waxy genotypes. 

Brink and Abegg? analyzed the carbo- 
hydrate reserves of waxy and non-waxy 
pollen and found no differences that 
would explain the unequal functioning 
of the two kinds of pollen. The chief 
differences in the carbohydrates were a 
higher percentage of reducing sugars 
and a lower percentage of sucrose in the 
non-waxy pollen. These authors also 
found that the endosperm starch of 
waxy seeds was hydrolyzed more rapid- 
ly by HC1 and salivary amylase than 
was the starch of non-waxy seeds. Stain- 
ing reactions with iodine solution indi- 
cated that the starch of the endosperm 
and pollen were similar. Brink’ reported 
greater amylase activity in extracts of 
non-waxy pollen than in extracts of 


*Contribution from the Farm Crops Subsection, Iowa Agricultural Experiment Station, 
Ames, Iowa, in cooperation with the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. 
Dept. of Agriculture. Journal Paper No. J-1337 of the Iowa Agricultural Experiment Station, 


Project 182. 


+Research Associate, Farm Crops Subsection, Iowa State College, and Agent, Division of 
Cereal Crops and Diseases, U. S. Dept. of Agriculture. 
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waxy pollen and suggested that the low- 
er enzyme activity of waxy pollen might 
account for the deficiency of waxy seeds. 
He points out, however, that the produc- 
tion of glucose could be measured accu- 
rately only after clear solutions were ob- 
tained, and that the difference in enzyme 
activity was established from five hours 
to completion of conversion. There is 
seemingly room for further work on 
the utilization of carbohydrate reserves 
of the pollen in view of the opposing 
differences in enzyme activity and rate 
of hydrolysis of waxy and non-waxy 
starch. 

Kempton*® found that waxy : non- 
waxy ratios could be modified by stor- 
age of pollen in daylight for several 
hours. He suggested that the waxy pol- 
len was immature at anthesis and that 
it matured during the period of storage. 
He found also that waxy and non-waxy 
pollen grains did not differ in size, 
weight, or specific gravity. 

Mangelsdorf and Jones® have sug- 
gested the presence of a gene Ga which 
stimulates pollen tube growth and is 


linked with Wx. The combination of ga. 


wx would result in a deficiency of waxy 
seeds. Eyster* has reported the occur- 
rence of this gene in a “high waxy” 
strain of maize. This gene was appar- 
ently not concerned in the material stud- 
ied by Sprague!®, and there is no a 
priori reason for considering it a factor 
in the present diploid-tetraploid com- 
parisons. 


Materials and Methods 


Diploid (2n) pollen and tetraploid 
silks were collected from a planting of 
a tetraploid culture obtained from Dr. 
L. F. Randolph. Monoploid (7) pollen 
and diploid silks were collected from a 
planting of Iowa Hybrid 4297. The 
technique used for germinating the pol- 
len has been described by Sprague!* as 
follows: 

Pollen is dusted on a fresh silk, allowing a 
few pollen grains to. adhere to the stigmatic 
hairs. A portion of this silk is then fastened 
to a cover slip with vaseline, and the cover 
slip is inverted over a von Tieghem cell con- 
taining a drop of water to prevent desiccation. 
Germination can be readily observed under low 
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power and the entrance of the pollen tube into 
the stigmatic hair and its growth to the silk 
proper can be followed under high power by 
means of the vigorous protoplasmic streaming 
in the pollen tube. 

For the purpose of this study the pollen 
tube was considered established when it 
reached the stigmatic hair. 

The following paired comparisons 
were made; vs 2n pollen on diploid 
silk, and on tetraploid silk; diploid vs 
tetraploid silk using pollen, and using 
2n pollen. The data were analyzed using 
the analysis of variance technique ap- 
plicable to disproportionate subclass fre- 
quencies. Correction for disproportion- 
ate subclass frequencies was made using 
the method of fitting constants as de- 
scribed by Snedecor and Cox.!” 

Estimates of osmotic pressure were 
obtained by determining the approximate 
isotonic sucrose solutions by observing 
microscopically the diameters of freshly 
collected and 2n pollen grains in solu- 
tions of chemically pure sucrose ranging 
in concentration from 0 to 40 per cent. 

The data presented were collected in 
two ways; some of the data were taken 
by measuring ten pollen grains dry and 
ten in the solution ignoring time, and the 
rest were taken by measuring five pol- 
len grains dry and five in solution at one 
minute intervals from one to four min- 
utes after immersion. Each pollen sam- — 
ple was from an individual anther, but 
the subsamples of five pollen grains each 
were taken at random from the larger 
sample. 

Data were collected on three different 
days, the readings being replicated on 
each day. The results for each day were 
analyzed by Fisher’s analysis of vari- 
ance technique. No attempt was made to 
control environmental conditions except 
that freshly collected pollen was used, 
the solutions were at or near air tem- 
perature, and readings were taken in the 
morning to correspond to the time when 
germination and establishment were 
studied. 

It should be pointed out that maize 
pollen grains are not spherical, but are 
more nearly egg-shaped. In this study 
the diameter measured was the longest 
axis in each case. The formulae for 
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SWELLING AND SHRINKING OF 
POLLEN GRAINS 


Figure 7 


Mean changes in diameter of pollen grains 
of diploid maize (N) and tetraploid maize 
(2N) in sucrose solution of different concen- 
tration. 


spheres were used, since comparative 
data only were desired. The diameters 
reported in a previous paper,') 96+ 
0.682 and 127+1.87p, were taken in the 
manner described here, but those grains 
were killed in 95% ethyl alcohol where- 
as the diameters currently reported are 
of fresh pollen. 


Experimental Results 


The time required for the establish- 
ment of the pollen tubes of 2n pollen on 
either diploid or tetraploid silk was sig- 
nificantly greater than that required for 
the establishment of the tubes of 1 pol- 
len. The mean time required and the F 
values obtained are presented in Table 
I. Comparisons are valid only within 
pairs since the various readings were 
taken under different conditions of tem- 
perature and humidity. 

No significant differences were found 
between the rates of establishment of a 
given kind of pollen on the two kinds of 
silk. The mean time required for the 
establishment of » pollen on diploid silk 
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was 12.6 minutes; on tetraploid silk it 
was 12.1 minutes. 2n pollen required a 
mean time of 25.5 minutes for establish- 
ment on diploid silk and 23.6 minutes 
on tetraploid silk. 

The fact that both types of pollen 
tubes entered both types of silks was as- 
certained by observing the protoplasmic 
streaming within the stigmatic hair and | 
for a short distance into the silk proper. 
No attempt was made to study the rela- 
tive growth rates of the pollen tubes after 
establishment. Randolph’s* results show 
that if a difference in growth rates of 
the two types of pollen tubes does exist, 
it is not such that the 2n pollen over- 
comes its initial handicap. 

Differences in osmotic pressure ob- 
served were small but were consistent 
over the period of days data were taken. 
The average change in diameter in mi- 
crons at the various concentrations of 
solution used are presented in Table II. 
These figures are not comparable from 
n to 2n pollen because of the difference 
in the initial sizes of the two kinds of 
pollen but the comparison of interest is 
the point at which the shift from swell- 
ing to shrinking of the pollen grain took 
place. This was near 20 per cent sucrose 
for both kinds of pollen in all three com- 
parisons, and was slightly and consis- 
tently higher for n than for the 2n pol- 
len. The irregular behavior of the n 
pollen at the lower concentrations was 
unexpected but appears to be the result 
of the failure of m pollen to swell to a 
marked extent coupled with sampling 
errors. The data of 8-28, which were 
most extensive, show a linear relation- 
ship between diameter and solution in 
both n and 2n pollen. 

The reason for presenting mean 
change in diameter during the first min- 
ute only in Table II can be seen by ex- 
amining Figure 7. The readings taken 
over a four minute period showed that 
in general the greatest change in diame- 
ter occurred during the first minute. 
Changes after the first minute were 
somewhat erratic, particularly for the n 
pollen in 0 and 10 per cent sucrose and 
for the 2n pollen in 10, 20 and 30 per 
cent sucrose. 

The changes in diameter observed on 
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8-28 were converted to change in vol- 
ume per unit of area for the first one 
and two minutes of immersion in order 
to provide an estimate of rate of change 
in volume eliminating initial differences 
in size of the kinds of pollen. These data 
are presented in Table III. The data 
indicate only a slight difference in rate 
of swelling, or imbibition of water, at 
0 and 10 per cent sucrose during the first 
minute. During the second minute, how- 
ever, the 2” pollen showed a continued 
increase in size whereas the n pollen did 
not. This would seem to indicate a 
greater plasticity of the cell wall of 2n 
pollen, or a higher degree of enzyme ac- 
tivity of the m pollen. Further work is 
necessary to determine whether either or 
both of these factors are important. 

Sprague!® has shown that the pollen 
tubes of starchy (Wx) pollen are estab- 
lished more rapidly than are the tubes of 
waxy (wx) pollen. The osmotic pres- 
sure of and rates of imbibition of water 
by 2n Ws and 2n wx pollen were stu- 
died to see if these properties showed the 
same relationship to rate of pollen tube 
establishment in the Wx versus wa com- 
parison as in the n versus 2n compari- 
son. 

The comparison of changes in diam- 
eter during the first minute of immer- 
sion are presented in Table IV. Swell- 
ing is not marked in the wr pollen in 
the lower concentrations, but the isoto- 
nic sugar solution appears to be below 
20 per cent for the waxy pollen and 
above 20 per cent for the starchy pollen. 
The rate of imbibition of water by w- 
pollen could not be measured because of 
the failure of the grains to swell in low- 
er concentrations of sucrose. In inter- 
preting these data it must be remem- 
bered that two variables, permeability 
of the plasma membrane and plasticity 
of the cell wall, have not been measured 
directly. These could be markedly dif- 
ferent in Wx and we pollen as a result 
of the genetic difference. 


Discussion 


The difference in rate of pollen tube 
establishment reported here is offered as 
an explanation of the selective fertiliza- 
tion by pollen observed by Randolph.* 


of Heredity 


Observations on pollen tube establish- 
ment made by Sprague (unpublished) 
led to the belief that the available mois- 
ture supply and rate of absorption of 
moisture by the pollen grains was im- 
portant in rate of germination. With 
varying numbers of pollen grains pres- 
ent on individual stigmatic hairs the 
rate of germination was more rapid as 
the number of pollen grains present di- 
minished. He found!® also that the mode 
of attachment of the pollen grain to the 
silk hair was related to rate of germina- 
tion, those grains which flattened on the 
side in contact with the stigmatic hair 
germinating more rapidly. 

In the present comparison both the 1 
and 2n pollen grains flattened on the side 
in contact with the silk. A factor that 
might be important in quantity of water 
absorbed is the relative proportion of 
total surface area of the two types of 
pollen in contact with the silk. The av- 
erage diameters of the » and 2n pollen 
were 115+0.484 and 137+0.41p, re- 
spectively. The volume of the 2n pollen 
was 1.8 times the volume of the m pollen. 
With these relative sizes, the propor- 
tion of the surface in relation to volume 
that is in contact with the silk is con- 
siderably greater in the m pollen. 

If the rate of imbibition of water is an 
important factor in the comparative 
rates of pollen tube establishment one 
might reasonably expect to find the dif- 
ferences in osmotic pressure reported 
here. The n pollen, balancing a more 
concentrated sucrose solution. would 
theoretically have a greater diffusion 
pressure deficit and would absorb water 
more rapidly than the 2 pollen. The 
same relationship would obtain in the 
Was : wx comparison. 

The work of Brink!:? shows that oth- 
er differences between Wx and w- pol- 
len exist, which must necessarily be in- 
cluded in an explanation of the different 
rates of establishment. Before the facts 
at hand can be fitted together coherent- 
ly, more precise studies of the nature of 
the pollen grain are necessary. It is not 
unreasonable to suppose that different 
factors might be of major importance in 
the different cases known to exist. 

The effect of storage of Wx and wr 


Green: Pollen Tubes 


pollen reported by Kempton*® (which 
he explained as a result of immaturity 
of the wx pollen at anthesis) could be 
explained as a result of slower loss of 
moisture from the waxy pollen because 
of a less permeable plasma membrane, 
as well as a result of differences in ma- 
turity. The failure of waxy pollen grains 
to flatten on the silk as reported by 
Sprague!® and the lack of swelling of 
waxy pollen reported here would seem 
to support this interpretation. This does 
not mean, of course, that differences in 
maturity could not exist. Either expla- 
nation, if supported by further investi- 
gation, still could not be applied direct- 
ly to the 2m : 4n comparison. 

It is not the intention of the author to 
explain differential pollen tube establish- 
ment as a result of difference in osmotic 
pressure. Rather, it is intended to point 
out that this difference exists and should 


Comparison in Minutes F Value 
N pollen on diploid silk 14.8 
2N pollen on diploid silk 22.7 11.1900 
N pollen on tetraploid sil« 11.7 
2MPollen on tetraploid silk 21.2 51.27¢0 
N pollen on diploid silk 12.6 
W pollen on tetraploid silk 2.1 0.50 
2N pollen on diploid silk 25.5 
2N pollen on tetraploid sisk 23.6 1.62 


**Significant at the 1% level. 


Table II. Mean obange in diameter 
in sucrose solutions ef varicus days 


Data taken 8-272/ s-202/ 
° 69.36 43.24 «45.76 
20 40.72 2.88 *5.60 41.98 40.72 
30 10.80 -7.92 36.48 -12.60 
40 8.46 -15.68) 
Level of 8%} 10.681 7.687 1.973 
Jeignificance 1; 14.314 10.469 2.628 


2/ change in diameter recorded after pelican immersed 
Table III. Changes in volume in cubic sicrens per unit 


of area per aiaute for and 3N pollen im sucrese sol- 
utions of different concentrations. 


IV. Mean obange in diameter in siorons of starchy 
ray and waxy (wx) pollen during the first minute ef ‘= 
ersien in sucrose solution. 


rose orens 
Solution = 
° 7.56 0.36 
10 5.76 40.36 
20 2.68 4.32 
30 9.00 5.76 
711.16 13.68 


Level of significance: Of point, 1.768; 1% poiat, 2.508. 
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be considered in any subsequent expla- 
nation of the difference in germination 
rates. 

Summary 

1. The rates of germination and es- 
tablishment of and 2n pollen were 
studied. pollen was found to become 
established more rapidly than 2n pollen 
on both diploid and tetraploid silks. 

2. The time required for the estab- 
lishment of either ” or 2n pollen was not 
affected significantly by the kind (diploid 
or tetraploid) of silk it was germinated 
on. 

3. The absorption of moisture by the 
pollen grains is discussed, and data are. 
presented which indicate that n and 2n 
pollen absorb water at a similar rate dur- 
ing the first minute of immersion in wa- 
ter and sucrose solutions of low concen- 
trations. 

4. Relative osmotic pressures were 
determined in the comparisons n vs 2n 
and Wx vs wx pollen. In each compari- 
son, the pollen known to become estab- 
lished more rapidly (n and Wr) had 
the higher osmotic pressure. 

5. An explanation of differences in 
rate of pollen tube establishment must 
include not only differences in osmotic 
pressure, but other physical as well as 
chemical and physiological properties. 
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. 
Table I. Mean time required for the establichenat of 5 
and polien om Diploid and tetrapleid silks and the F 
valuce obtained in the analyses of variance. 
| | 
° 2.072 | 1.018 | 2.606 | 4.807 
10 1.018 1.018 1.016 2.693 
20 0.506 0.504 [-0.986 /-1.468 
22.842 [-3.721 [-3.329 |-5.916 
40 4.148 -5.380 |[-6.314 [-6.71¢ 


Support for Basic Research 


Immediately after World War I the Rocke- 
feller Foundation initiated, through the Na- 
tional Research Council, a series of post- 
doctorate fellowships in astronomy, mathe- 
matics, physics and chemistry. These fellow- 
ships served to build up a scientific personnel 
from which the required enlarged body of 
college and university science professors could 
be drawn. Today we can see how far-sighted 
the policy was and how much of the technical 
war effort, especially in its most advanced 
scientific phases, depended for leadership on 
the men so trained. Industry supplemented 
that effort by subsidy of graduate students, 
took a hand in stimulating the supply. The 
initiation of such a venture by E. I. du Pont 
de Nemours as early as 1922 is an apt illus- 
tration of this aspect of the problem. The 
philosophy behind such fellowships was that, 


ultimately, an increase in the number and qual- | 


ity of graduate students in chemistry would 
mean an improved rc:earch personnel in their 
own laboratories. The success of the program 
can be measured by the number of its imitaters 
in other scientifically-motivated industries or 
by the du Pont Company’s own recent enlarge- 
ment of their program which, in certain univer- 
sity centers, now approximates 12-fold the 
initial subsidy by the company in 1922. 

The universities themselves contributed gen- 
erously to the expansion of research personnel 
notably through the system of part-time and 
research assistantships. Many of the research 
personnel in industry and university obtained 
thus their training for the doctorate, while 
the growth of the educational supply to meet 
the research demand led inevitably to steady 
improvement in quality of educational and re- 
search activity in American colleges and uni- 
versities. In and out of the universities there 
have grown up centers of research devoted to 
groups of connected problems, “convergent” 
laboratories, of high competence, as opposed 
to the more usual “divergent” laboratories in 
which many kinds of problems are studied. 
In such “research institutes” new probes into 
the unknown could be pushed with intensity 
and skill. 

Looking ahead it is safe to say that in the 
field of industrial research there will be no 
problem of support. Facing a fight for sur- 
vival by competition which originates in the 
research laboratories, individual organizations 
will insure their own financial stability by a 
large premium of research effort, with abun- 
dant evidence that such insurance pays real 
dividends. 

In basic science, however, from which all 
future applied science must inevitably stem, 
the problem of support is much more complex. 
Fundamental research is rarely directly or 


immediately profitable, nor can it readily be 
made self-supporting. Its principal assets are 
long-range in nature whether from the body 
of workers which it produces or the new prin- 
ciples which it formulates and from which ap- 
plied science will ultimately draw its richest 
revenues. A further disquieting aspect lies 
in the fact that the necessary techniques of 
modern science, involving the production and 
control of high energy sources, have become 
almost prohibitively expensive to endowed in- 
stitutions. And yet it is in such areas, free 
from the drive of profitable results that free- 
dom of inquiry and of spirit can best operate. 
Fundamental scientific research can no longer, 
as in the past, be the proud privilege of private 
philanthropy. 

For the future, in increasing measure, the 
freedom to roam in the unpathed areas of 
scientific research, must become the respon- 
sibility of industry and government. Industry 
reaps an ultimate return since the supply of 
adequately trained research men increases dis- 
proportionately in centers of intense research 
activity. The new discovery is more luring 
than gold in the Yukon. Further, the broaden- 
ing of understanding that accompanies each 
new scientific discovery means for the indus- 
trial research laboratory a surer, swifter and 
more economical approach to its own objec- 
tives. 

From the lessons of these recent harsh years 
there is evidence that the responsibility of 
state and national government for the ade- 
quate discovery and maintenance of the scien- 
tific talent of the country and for the support 
necessary for the further vrosecution of basic 
science may be forthcon*ng. May we not 
hope for the realization th.*, no less in peace 
than in war, local, national and international 
relations, social and political affairs, have be- 
come inseparable from the discoveries of the 
scientist in his laboratory and their manifold 
applications? And, realizing this, may we 
not hope for that measure of disinterested 
financial support which shall best promote that 
scientific harvest? To secure this with max- 
imum efficiency it seems necessary that the 
scientists shall be masters in their own house- 
holds. But, masters in their own households, 
there lies upon them the paramount necessity 
of integrating their skills and their findings 
with the broad stream of life which flows out: 
side the laboratories. In the free world to whict 
we still dare to look forward we must integrate 
our skills with the social and spiritual aspects 
of human life and nature. That goal attained, 
we shall not lack either direction or support 
for the sciences—Sigma Chi Lecture by Dr. 
S. Taytor, Princeton University. 
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INHERITANCE OF THREE LEAF TYPES IN 
THE PINEAPPLE”* 


J. L. Cottins anp K. R. Kerns 


Pineapple Research Institute of Hawau 


includes a large number of culti- 

vated and partially cultivated va- 
rieties of pineapples which exhibit a wide 
range of variation in many characters. 
Several variations in form of leaf mar- 
gins exist, which differ in the degree of 
spine production from spineless to com- 
pletely spiny. There are also large dif- 
ferences in size, shape and number of 
spines and in the character of the leaf 
edge in the spineless forms. The present 
paper deals with the inheritance of three 
of these leaf margin types. 

The Cayenne variety of the pineapple, 
although long known as “Smooth Cay- 
enne” has leaves which regularly possess 
spines on the leaf margins extending 
from one to a few inches below the leaf 
tip. 

The production of spines at the tip of 
the leaf appears to be associated with 
conditions in the plant which initiate 
leaf growth or are present only during 
the beginning of the growth processes 
in each leaf. After growth is established, 
production of spines ceases and, thus, 


ee COMOSUS (L.) Merr. 


only the tips of the leaves normally have. 


spines. 

When slips, crowns, or suckers are 
removed from the plant.and left to dry 
for a time before planting, leaf growth 
is suspended, to be resumed again 
when these are planted in conditions fa- 
vorable for growth. At or near the place 
on the leaf where new growth was 
started, spines are again produced for 
a time until the process is well estab- 
lished, when spine production again 
ceases. This results in a short section 
of spines one half to one and one half 
inches long on the leaf margins some 


distance below the tip of the leaf and 
separated from the spines at the tip by a 
region of smooth (non-spiny) leaf mar- 
gin. This is repeated with each stopping 
and resumption of growth (Figure 8). 
The name “spiny tip” has been given 
to this type of leaf. Other varieties are 
designated as “spiny” when the entire 
leaf margin bears spines under normal. 
growing conditions. 

A completely spineless leaf type has 
been named “piping” in reference to the 
peculiar structure of the leaf margin 
which has a narrow portion of the edge 
cf the leaf folded so that a strip of abaxial 
(lower surface) structure appears on the 
adaxial or upper surface of the leaf as 
shown in Figure 9C and Figure 10. The 
abaxial surface is silvery gray in color 
because of a covering of trichomes, and 
in “piping” a narrow stripe of this silvery 
tissue is present along the margin of the 
adaxial surface. Hence the term “piping” 
has been borrowed from its use in cloth- 
ing where it connotes a narrow marginal 
strip of cloth of a contrasting color or 
texture. 

Plants homozygous for piping always 
have the character conspicuously devel- 
oped but the heterozygotes include a 
range of variation in degree of expres- 
sion extending to a virtual disappearance 
of the character in rare individuals. 

Since the varieties of this species are 
normally seedless and propagated vege- 
tatively, they may be, and usually are, 
heterozygous for a number of genes. 
Some of the non-spiny leaved varieties 
are heterozygous for the recessive spiny 
leaves and produce segregating F; popu- 
lations when crossed with spiny or other 
leaf types having an appropriate geno- 


*Published with the approval of the Director as Technical Paper No. 163 of the Pineapple 


Research Institute of Hawaii. 


tWe are indebted to Beatrice Krauss, Assistant Physiologist of the Pineapple Research 
Institute for Figure 10 and for the anatomical study of piping. 
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SPINY TIP LEAF 


Figure 8 . 
Drawing of the distal end of a spiny tip leaf type showing a second group of spines some 


distance below the tip spines. 


This marks the starting place of a second period of growth. 


Above this second group of spines the leaf is slightly constricted. 


type to permit this recessive character 
to appear. : 

In Table I are recorded the progeny 
from three different crosses, each involv- 
ing parents all of which showed the spiny 
tip character. The resulting segregation 
cf 3 spiny tip to 1 spiny indicates that 
spiny tip is a dominant and spiny a reces- 
sive character. From these data the 
genotypic formula for the parent plants 
has been derived, as shown in Table I. 
In the hybrid lot No. 531C, eight piping 
leaf plants appeared in a population of 
1,224. The presence of these is believed 
to result from errors in field planting, 
since no piping should appear in the 
progeny of non-piping parents. 

In Table II we have presented the 
data from a single cross between two 
clones carrying the piping gene. The 
monogenic ratio shows that both parents 
were heterozygous for P (the gene for 
piping) and one homozygous for S (the 
spiny tip gene), since no spiny plants 
appeared in the progeny. 

In Table III are presented the data 
from two segregating populations pro- 
ducing 1:1 ratios indicating a heterozy- 
gous genotype for one parent and a 
homozygous recessive genotype in the 
other for each cross. Cayenne is the 
cultivated variety grown in Hawaii and 
has spiny tip leaves. The Wild Kailua, 
with which the Cayenne was crossed, is 
a spiny variety of. A. comosus. 

Big 498 is a hybrid clone having pip- 
ing type leaves which was selected from 
an F, population produced by crossing 


Cayenne with the variety Monte Lirio 
which has piping leaves. The other par- 
ent in this cross was a varietal hybrid 
with spiny leaves. 

In Table IV are data from four 
crosses in which one parent in each had 
the piping character, while the other par- 
ent had either spiny or spiny tip leaves. 
The appearance of three characters (pip- 
ing, spiny tips and spiny) in the progeny 
indicates that the parent forms differ 
in two pairs of independent alleles pro- 
ducing a modified digenic ratio of 2:1:1. 

In Table V are the data from four 
crosses in which both parents in each 
cross had the piping type leaves. The 
progeny segregation again indicates the 
presence of two pairs of alleles produc- 
ing a modified digenic ratio of the 12:3:1 
type from parents heterozygous for both 
pairs of alleles. 

In Table VI are recorded the data 
from a single hybrid population (Lot 
608) produced by crossing two hybrid 
clones, one showing piping leaves (8460) 
and the other smooth leaves without the 
piping character along the leaf margin. 
The progeny, however, segregated into 
a 6:1:1 ratio, which could only result if 
the piping gene were present in both par- 
ents. Clone 8510 used in another cross 
(Table II) produced progeny indicating 
that it contained one P gene. We there- 
tore believe that 8510 contained the pip- 
ing gene in a heterozygous condition and 
that the expression of the piping char- 
acter was inhibited in a manner now ob- 
scure. 
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MARGINS OF PINEAPPLE LEAVES 


; Figure 9 
Marginal strip of pineapple leaves showing A—spiny; B—spiny tip; and C—piping. The 
white border of the piped leaf is caused by an extension around the margin of its leaf tissue nor- 
mally found only on the lower surface of the leaf. 


Discussion 


The results obtained from these differ- 
ent progenies show that the gene for pip- 
ing is epistatic to the genes for spiny 
tips and spiny leaves. On the basis of 
the ratios obtained from these various 
progenies, genotypes have been assigned 
to parents in each of these crosses, using 
the following gene symbols: P=piping, 
S= spiny tips and s=spiny. We have 
not been able to assign any phenotypic 
effect to the p allele of the piping gene. 


All of the spiny plants recorded in Table 
V should be the double recessive ppss, 
but in appearance they are not different 
from the spiny plants resulting from the 
cross between spiny tip and spiny plants 
(such as in Lot 836 of Table III). We 
assume that the p gene is present as a 
part of the genotype of all varieties not 
showing the piping character and is also 
a part of the genotypes of plants shown 
by progeny test to be heterozygous for 


piping. 
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The epistatic relation of the piping 
gene to spiny tips and spiny, together 
with the different heterozygous geno- 
types among the pineapple varieties and 
hybrid clones make possible a remark- 
able array of mono- and digenic ratios. 

The incompatability of the varieties of 
Ananas comosus precluded the use of 
self-fertilization for the analysis of the 
genotype of a single plant or clone. Con- 
sequently in the study of the inheritance 
of different leaf types, plants showing 
similar or contrasting characters were 
crossed, resulting in a series of segregat- 
ing populations which appeared confus- 
ing and lacking in consistency. Thus, 
from crossing plants showing the piping 
character, the following seven different 
segregation ratios could be obtained: 
All piping 
3 piping : 1 spiny tip 
3 piping : 1 spiny 
2 piping : 1 spiny tip : 1 spiny 
4 piping : 3 spiny tip : 1 spiny 
6 piping : 1 spiny tip : 1 spiny 
. 12 piping : 3 spiny tip : 1 spiny 


NOW 


‘These results are a consequence of the 
six different genotypes among the plants 
showing the piping character, together 
with its epistatic relation to spiny tips 
and spiny. 

By crossing these nine genotypes (Ta- 
ble VII) in all possible combinations, 81 
hybrid populations can be obtained show- 
ing the array of Mendelian. ratios listed 
in Table VIII. 

The genetic analysis of these popula- 
tions was further complicated in the be- 
ginning because the heterozygous geno- 
type S/s for spiny tip mutates frequently 
the s/s, producing spiny plants.1 The 
rate of mutation was low enough that 
ratios expected to have both spiny tip 
and spiny plants were not disturbed. 
The difficulty came in the appearance of 
a few spiny plants in populations where 
we did not expect them. Such plants 
criginated from the S/s genotype and 
were classed as that type after we real- 
ized their origin. 

Under normal growing conditions the 
S gene in Cayenne causes spine produc- 
tion on the leaves only during the initial 
stages of leaf growth. That other con- 
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EPIDERMIS-HYPODERMIS COMPLEX 
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vASCULAR BUNDLE 
@D AERATING CANAL 
STOMATA ON UPPER SURFACE 
Figure 10 
Diagramatic drawing of transverse sections 
of the marginal region of two pineapple leaves. 
Above from the variety Rondon having piping 
leaves and showing stomata on the piping re- 
gion of the upper surface. Below a leaf of 
Cayenne with a non-piping margin showing 
stomata only on the lower surface. The 
edge of the leaf in piping is thickened as a 
result of the folding over and fusion of the 
leaf margin tissues in producing the piping 
character. 


ditions of growth will permit spine pro- 
duction in the presence of this S gene is 
shown by an experiment conducted by 
C. P. Sideris (unpublished) in which 
Cayenne plants grown in nutrient cul- 
ture deficient in nitrogen developed 
spines irregularly on the leaves, while 
the plants supplied with adequate nutri- 
tion produced only the normal spiny tip 
type of plants. Plants subjected to 
severe drought conditions ordinarily 
produce spines irregularly on the leaves 
and sometimes become almost complete- 
ly spiny. The S gene controlling the 
spiny tip character is thus subject to 
considerable variation in the degree of 
its expression by the environmental con- 
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ditions existing during the growth of the 
piant. 

Webber? called attention as early as 
1906 to the segregation of smooth (spiny 
tip?) and spiny plants in the progeny of 
a cross between Cayenne and Pernam- 
buco, the latter a spiny variety. In this 
population of 31 plants, 21 had smooth 
(spiny tip?) leaves, while 10 had spiny 
leaves. Webber stated that “. .. the pro- 
portion is exactly what would be ex- 
pected in crossing a smooth with a spiny- 
leaved sort when the smooth character 
is dominant.” Our studies have shown 
that Cayenne is heterozygous (S/s) 
and that the spiny Pernumbuco is a 
homozygous recessive (s/s), there- 
fore this cross should produce a 1 
smooth to 1 spiny segregation, not the 
2:1 reported above. The cross made by 
Webber was thought to have been made 
between Pernambuco and Puerto Rico 
with the latter, a spiny variety, as pollen 
parent, but after the appearance of 
smooth-leaved plants in the progeny he 
concluded that Cayenne, rot Puerto 
Rico, had been used in the cros2. There 
are some indications that the Puerto 
Rico variety is the same as the Cabezona, 
a spiny variety still grown in Florida 
and some of the West Indies. This 
variety (Cabezona) we have found to 
be a triploid with a high degree of steril- 
ity, although some of the pollen grains 
appear to be normal. Our few attempts 


to cross Cabezona with other varieties © 


have failed. 

The spiny tip character in Ananas 
comosus is dominant to the spiny-leaved 
type, characteristic of most wild pine- 
apples. Assuming that the wild ancestor 
of this species (not now known) had 
spiny leaves, the spiny tip type must 
have originated as a dominant gene mu- 
tation. Recessiveness of a spiny margin 
leaf type has also been reported by Vidal? 
in the F; hybrids produced by crossing 
spiny-leaved Agave fourcroydes with the 
smooth-leaved A. sisalana. 

We have shown that the spiny tip 
Cayenne variety, heterozygous for spiny 
leaves, frequently mutates to the spiny 
type’. The mutation in the other direc- 
tion from spiny to spiny tip or smooth is 
so extremely rare that we have found no 
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unquestionable cases, although many 
populations of spiny varieties have been 
examined. Two cases have been found, 
however, which indicate that mutation 
from spiny to smooth has occurred 
recently. 

On a large fazenda at Moura Brazil in 
the Federal District of Rio de Janeiro in 
Brazil, a patch of spiny pineapples had 
been growing in a pasture for more than 
forty years, according to the owner. 
When this patch was examined in 1939 
by K. F. Baker, a few smooth-leaved 
plants were found growing among the 
spiny plants. The owner was not aware 
of these smooth plants until they were 
pointed out to him. How long they had 
been present could not, therefore, be 
ascertained. Since the smooth-leaved 
plants were in other respects like the 
spiny ones, we can assume that they. 
originated through a dominant gene 
mutation. 

The second case is also reported from 
Brazil. A smooth-leaved variety, 
“Paulista,” originated from a plant 
found by Dr. F. C. Camargo in a field of 
the spiny-leaved variety Abacaxi 
Amarelo, a commonly cultivated variety 
in Brazil. This smooth-leaved form, 
which probably arose as a mutation from 
the spiny Amarelo, and the smooth plant 
from Moura Brazil are not identical 
with our spiny tip type, since both are 
entirely smooth, having no spines at all. 

These two smooth-leaved varieties are 
now being tested to determine the re- 
lation of their genotype to the S gene of 
the spiny tip form. 


Summary 


1. Genetic studies of the three leaf 
types, piping (smooth), spiny tips 
and spiny, in Ananas comosus 
show that spiny tip and spiny 
leaves are the phenotypic expres- 
sions of a single pair of alleles (S 
and s), with spiny tips dominant. 
Piping is controlled by another 
gene (P), which is epistatic to S 
and s. 

2. Crosses between these two pairs 
of alleles produce a series of 
normal and modified Mendelian 
ratios. 
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3. The spiny tip gene S is related to Literature Cited 
growth conditions in the plant so 1. Couns, J. L. Amer. Nat. 70:467-476. 


h i d th 1936. 
2. Vimar, RaFaet. Jour. Hered. 16:9-12. 
925 


leaves only during the initial 
stages of leaf growth or under cer- 3. Werper, H. J. Yearbook of the Depart 
tain abnormal growth conditions. ment of Agriculture for 1906, pp. 330-346. 


Table V. Data from four hybrid ‘tions producing the modified digenic 
ratio of 12:3:1 when both perents had piping type leaves 
tion Parente each having 
Totals Lot No. genotype PpSs 
° x 68189 


fable I. Data from three hybrid populations producing 3:1 ratios from 
parent plants showing the spiny tip type of leaves 


02 


8 2194 617% «66238 
° 2241.75 747.25 


Observed segregation 757 203 
Calculated segregation 766.7 | 191.6 


47.75 + 16.0 


to errors in field plenting. and probebly 
population. «0.85 
P_ Between .50 and .70 


Table VI. Data froma hybrid population produc: the modified digenic 
Patio of 6:1:1 


from a hybrid population showing a 3:1 ratio when both 
type leaves 


Lot No. Parente end 


608 » 8460 x 8510 
PpSs Ppss 


Calculated distribution] 540.7] 90.1 


1.26 
P = Between .50 and 70 


Teble III. Hybrid populetions segregating for two kinis of 1:1 ratios 


tion 
‘ me Teble VII. Showing the suaber of genotypes in 
Lot Mo Parents end genotypes each of the three phenotypes 


636 Cayenne x Wild Kailua 107 
Ss Spiny tips Spiny 
2064 Big 498 x 69344 232 sian me 
ppss 
Ppes 
Observed segregation 
Calculeted 171 
Ppss 


Difference 


Table VIII. Indicating the number of different crosses of 
the genotypes shown in Table VII which will produce the 15 
Tedle IV. Hybrid populetions producing the modified digenic ratio of 

wstls2 whem one perent had piping tye leaves and the other perent either No. of different 
sping tips (Ss) or spiny leaves (ss) crosses producing 

a given ratio 
Lot Ho. Perents and Totals 
904 z 224 132 lez 478 


ration. 


fe 


x 62 60 


? 9 


BH 


lee ele 


13 different ratios 
These ratios were obtained from hybrid populations 


penot) | 
S31 | 6368 = Cayenne 
Cayenne x L520 
| 
Caloulated 3:1 
1022 
‘g/ These 8 plante were attributed 
ere not menbers of this hybrid 
II. Date 
parente showed the pi 
segregation 
| | 


An Introduction to Human 
Heredity and Eugenics: 


HOW HEREDITY 
BUILDS OUR LIVES 


BY ROBERT C. COOK 
AND 
BARBARA STODDARD BURKS 


Illustrated with drawings by Clyde 
E. Keeler and photographs and 
charts from the Journal of Hered- 
ity. This booklet offers the student 
an informal introduction to hered- 
ity, environment, and their inter- 
actions. 
64 pages; 27 figures; 75c per 
copy—$5.00 per dozen. 
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1507 M St., N. W., Washington 5, D. C. 


ANIMAL CYTOLOGY 
AND EVOLUTION 
By M. J. D. WHITE 


Here is a comprehensive work which 
deals with the structure and behavior of 
the nucleus, and particularly the chromo- 
somes, in animals. It describes the differ- 
ences and special features and explains 
their evolution in terms of modern knowl- 
edge—all recent work of importance has 
been taken into account. Professor Clar- 
ence P. Oliver, University of Minnesota, 
says, “I believe that this text is’ one of 
the most interesting and best prepared 
scientific books I have read. In my opin- 

ion it is an essential reference work for — 
anyone interested in genetics.” $7.50 
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“Lab” Animals 


FEEDS for Your 


DEPENDABLE feeds are important in 
the laboratory where tests of various kinds are 
being made on small animals. 

Dickinson, producer of the well known Globe 
Feeds, is one of the oldest and most reliable 
feed houses from which to buy your “Lab” 
animal feed. 

Globe Feeds supply complete rations. They 
are dry ... easily stored ... take up little space 
... and involve little waste. They hold the same 
high standard of quality frem year to year. 


GENEROUS SAMPLES FREE 
To supervisors of experimental animals, we will send a 
free ple, large gh to make an adequate test. Just 
tell us the kind and quantity of food desired. 


FOR RABBITS 


Globe Rabbit Glob-ets to be 
supplemented with hay. 

Globe Rabbit with Alfalfa, meal 
form—complete. 

Globe Rabbit with Alfalfa, pel- 
let form—complete. 


FOR RATS /ND MICE 


Dickinson’s Dog Food—Nugget 
—Pellet or meal form. Dick- 
inson’s Kibbled Dog Food. 


FOR GUINEA PIGS 


Globe Rabbit Glob-ets to be 
supplemented with hay. 

Globe Rabbit with Alfalfa, meal 
form—complete. 

Globe Rabbit with Alfalfa, pel- 
let form—complete. 

Supplement with Vitamin C car- 
rier three times a week. 


THE ALBERT DICKINSON COMPANY 


2714 WEST 35TH STREET 


CHICAGO 90, ILLINOIS 
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